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ABSTRACT  

The current paper reports the synthesis of a low cost ceramic support prepared from naturally occurring clay material 

(collected from the bank of river Mahanadi, Chhattisgarh, India), kaolin and small amount of binding materials.  Dry 

compaction method was applied for preparing the disc shaped membranes with 45 mm×3mm dimension.  Sintering 

effects were studied by exposing the membrane supports at temperatures ranging between 900 °C to 1000 °C in a 

programmable muffle furnace.  The raw material and the prepared support were characterized by particle size 

distribution, EDX, TGA, SEM and XRD.  Subsequently, porosity, mechanical strength, chemical stability and pure water 

permeability were investigated.  The porosity and effective pore size of the ceramic support were found to be 35% and 

4µm respectively.  The average support permeability determined by using pure water was 2.0×10ˉ4 L/m2.sec.kpa.  Dead–

end filtration process was seen to remove turbidity from the effluent feed completely; the removal percentage of 

suspended matter from effluent is between 97 and 100%.  These supports were used to deposit layers of ultrafiltration.  

Based on raw material prices, the membrane support cost is estimated to be $ 25.5/m2.  This porous ceramic disc was 

used as a microfiltration membrane and tested for the filtration.   

 

KEYWORDS: Membrane, ceramic support, clay material, characterization, microfiltration.–  

 

1. INTRODUCTION 

During the last few decades, the application of ceramic membranes have increased due to its excellent 

chemical, thermal and mechanical stability, higher separation efficiency, controllable micro-structure and little 

pollution to our environment [1–4].  In the near future, the development of new type of ceramic membrane 

materials and simple fabrication techniques could play a major role for the preparation of low cost membrane 

[5].  Generally, membrane processes are more used as a pollution treatment method.  Unfortunately, the 

membranes are too expensive for economic application in environmental technology which requires high 

permeation fluxes and low costs to treat great volumes of dust-contained hot gas, industrial wastewater and 

drinking water.  Also silica, titania, zirconia, and alumina based ceramics for industrial application are limited 

due to their high cost and sintering temperature [2, 6–8].  As a result, most of the research work focused their 

attention on the preparation of new inorganic membranes for microfiltration that are naturally occurring as 

well as non expensive (both raw materials and preparation process) [9, 10].  

The development of ceramic membranes based on natural materials and some powder wastes such as fly ash 

was investigated by several authors [11–16].  Clays are in abundance and need lower firing temperature in 

comparison with metal oxide materials (alumina, zirconia, titania, and silica) [17]. 

Therefore our purpose in this work is to develop new supports made from natural material clay, found on the 

banks of river Mahanadi, India.  Flat disc synthesis and its application have been elaborated further when used 

for industrial wastewater treatment as supports for microfiltration and ultrafiltration [18]. 
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2. EXPERIMENTAL 

2.1. Raw material 

The raw material, clay was collected from the banks of river Mahanadi (Chhattisgarh, India) and dried at 120 

°C.  The dried clay was ground in a ball mill and passed through 240 mesh screen.   Kaolin (SD Fine 

Chemicals), sodium metasilicate (Sigma Aldrich India), sodium carbonate (Loba Chemie Pvt. Ltd, India), and 

boric acid (Thomas baker) were dry mixed with clay initially.  Deionized (DI) water was added thereafter to 

form a paste.  Kaolin provides low plasticity and high refractory properties to the membrane, Sodium 

carbonate improve dispersion properties, thus creating homogeneity.  Sodium metasilicate increases 

mechanical strength by creating silicate bonds.  Boric acid also increases mechanical strength by creating 

metaborates during sintering temperatures. 

2.2. Preparation of ceramic support  

The support membrane discs was prepared by following these steps: (i) dry mixing the powder raw material, 

composition given in Table 1 (ii) preparation of ceramic paste by adding DI water to the dry mix (iii) drying 

of paste to form a solid mass (iv) shaping the dry mass in circular SS mould and subsequent pressing in a 

hydraulic press and (v) thermal treatment.  

Table 1 Composition of raw materials used for fabrication of membrane support 

Components Weight  % Dry basis Weight % Wet basis 

Clay 70.00 63.00 

Kaolin 20.00 18.00 

Sodium carbonate 5.0 4.50 

Sodium metasilicate 2.5 2.27 

Boric acid 2.5 2.27 

Water  9.09 

 

The circular mold of inner diameter of 47 mm and height 3 mm was used.  56 MPa of pressure was applied on 

the mould using hydraulic pressing machine (Techno search instruments, India).  The obtained circular disk 

shaped membrane was sintered in programmable furnace at temperatures; 900 –1000 °C (Nabertherm LHT–

17/8, Germany).  Thermal treatment by sintering ceramic discs up to 900 °C by following the programme is 

shown in Fig. 1 and the ceramic preparation procedure is depicted in Fig. 2. 

 

                     

Fig. 1.  Thermal treatment of sintering the flat support 
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Fig. 2. A schematic diagram showing the main processes used for support preparation in this work 

 

2.3. Instruments 

Different techniques were used for characterizing the raw material.  The particle size distribution (PSD) of the 

raw material was performed by particle sizing machine, (COULTER LS –230).  Energy Dispersive X –ray 

analysis (EDX) was performed using JED –2300.  The radio –crystallographic analysis was performed by X–

ray diffraction analysis (XRD) using BRUKER AXS.  The images of clay material and support surface were 

observed by scanning electron microscopy (SEM) using JEOL–JSM–638OLA.  Thermogravimetric analysis 

(TGA) was carried out under air with a temperature rise of 5 ºC/min up to 1000 ºC.  α–Al2O3 was used as 

reference (TA instruments, U.S.A.). 

2.4. Porosity 

Porosity of the membrane was determined using Archimedes principle.  Firstly the support was dried in hot air 

oven at 110 °C for 6 h to remove complete moisture present in the support and its dry weight (WD) was 

determined.  Then it was immersed in water for 24 h.  After that, the support was removed and water on the 

outer surface was removed using tissue paper and the wet weight of the membrane (WW) was measured.  The 

support was then immersed in water to measure the weight of the support while it was saturated with water 

(WA).  The porosity (ɛ) of the membrane was determined using the following relation (1) [19, 20]. 

w D

w A

W – W
ε =

W – W
                         (1) 

Here WD is the weight of dry membrane, WW is the weight of the membrane with pores filled with water and 

WA is the weight of the water-saturated membrane measured in water (A refer to Archimedes). 

2.5. Mechanical strength 

The flexural strength of the support was tested with a three-point bending method on 35×5×3 mm rectangular 

bars using Universal Testing Machine (DUTT–101).  The flexural strength was evaluated by the following 

expression [20].   

2

3
σ

2

Fl

bt
                                                                                                                                                             (2)  

Where σ is the flexural strength (Pa), F is the load at the fracture point (N), l is the span length (m), b is the 

width of the sample (m), and t is the thickness of the sample (m).   
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2.6. Chemical stability 

Chemical stability of the support is evaluated by subjecting the supports immerse into acid and alkali 

solutions.  The stability was measured in terms of mass loss before and after corrosion.  For this, the support 

was placed in acid and alkali solutions for one week at an atmospheric condition and the weight of the support 

was measured each day.  Then the membrane was taken out from the solution, washed with DI water, and 

dried at 110 °C for 5 h.  The mass difference of the support characterizes its stability. 

2.7. Hydraulic permeability and average pore size of support 

 The hydraulic permeability (Lh) and average pore size (rs) [20] of the ceramic support were determined by the 

eq. (3) and eq. (4) 

4πr Δ
= Δ

8μ
h

n P
J L P

l
                                                                                                                                        (3) 

Where, J is the water flux (L/m2.sec), ∆P is the transmembrane pressure (Pa), μ is the viscosity of water 

(kg/s/m), and l is the pore length (m) (i.e. thickness of membrane, assuming the pores are cylindrical). With 

the help of flux versus applied pressure plot, hydraulic permeability of the membrane support was evaluated.   

Taking porosity ɛ = nπr2 (n = number of pores per unit area and r = radius of pore), eq. (3) can be changed to: 

0.5
8 h

s

lL
r

 
   

                                                                                                                                                  (4)   

2.8. Filtration test 

Dead–end filtration tests were performed on a laboratory scale using dead–end filtration setup (Fig. 3).  The 

setup was made up of stainless steel, which consisted of two parts, a cylindrical top part called reservoir for 

feed and a base plate with a provision for hosting the membrane.  The 45 mm dia support with an effective 

filtration area of 1.25×10ˉ3 m2 and a thickness of 3 mm was placed at the base of the setup with a perforated 

casting.  The upper portion of the reservoir compartment was pressurized by nitrogen cylinder.  During the 

water permeation experiment, membrane support was flushed with nitrogen gas to remove the loosely 

attached particles present in the pores of the membrane.  After that the water flux was measured at different 

applied pressure ranging between 100 kPa to 450 kPa.  Firstly run the water through the membrane for half an 

hour for stabilization and constant of flow rate.  Time required for each 5ml permeate was recorded and used 

further for flux determination.  Permeate flux of the membrane was determined using the using eq. (5)  

Q
J

A T



                                                                                                                                                          (5) 

Where J present permeate flux (L/m2.sec), Q represent volume of permeate, A represent permeable area of 

membrane (m2) and ∆T represent sampling time. 

The pure water permeability of support was first studied and then turbidity of effluent (pH: 7.4, conductivity: 

320 µs/cm, turbidity: 340 NTU) was also investigated by using the elaborated support.  

Turbidity of the solutions was measured by (Equiptronics model EQ 811, India) and expressed in 

nephelometric turbidity unit (NTU) within the range (0.00 –2000) NTU.  The removal of turbidity (%) was 

estimated using the following eq. (6) 

Removal of turbidity 
0 f

0

C C
(%) 100

C

 
  
 

                                                                                                       (6) 

Where Co is the initial turbidity of the sample (NTU) and Cf is the final turbidity of the sample (NTU).  The 

experimental studies were repeated thrice to check its repeatability and the average values only were discussed 

in the report. 
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Fig. 3.  Laboratory pilot 

 

3. RESULTS AND DISCUSSION 

3.1. Characterization of clay powder and ceramic support  

The Particle size distribution (PSD) of the raw material was done to get an idea of the particle size and its 

uniformity of the particles.  The size of the raw materials determines the porosity and pore size of the sintered 

support.  Pore growth mainly depends on the initial particle size of the raw materials and compaction pressure 

[21].  The particle size distribution of the clay and kaolin is shown in Fig. 4.  Energy Dispersive X–ray (EDX) 

analysis shows the chemical composition of clay powder.  The results shown in Table 2 indicate that silica and 

alumina is the major constituent of this sample.  The X–ray diffraction (XRD) analysis of clay powder has 

shown the reflections of Kaolinite (K), Muscovite (M), and Quartz (Q), (Fig. 5).  The reflections of the 

compounds were identified from another work reporteted [22].  From XRD analysis of 900 ºC sintered 

ceramic support reflections of quartz (Q), metakaolinite (M) and nephiline (N) were detected (Fig. 6) [23].  

Comparison with the XRD analysis of the raw clay, it can be concluded that only quartz has not undergone 

any change during sintering.  The Scanning electron microscopy (SEM) micrographs of clay material are 

shown in Fig. 7 indicated that the clay powder do not have a given structure. 

 

Table 2 Composition of the clay 

Oxide SiO2 Al2O3 Fe2O3 K2O 

% 74.17 15.65 6.90 3.29 

 

The thermo gravimetric analysis (TGA) is shown in Fig. 8.  The TGA graph, different phases of mass losses 

were observed, up to 100 °C the mass loss was due to the removal of adsorbed surface water molecules.  From 

100 °C to 300 °C the mass loss was very less.  The drastic mass loss was observed after 300 °C; this was due 

to the evaporation of boric acid, as the boiling point of boric acid is around 300 °C.  Another fall in mass loss 

was observed between 500 °C to 700 °C.  This was corresponding to the loss of structural hydroxyl groups 

due to the transformation of kaolinite to metakaolinite according to the following reaction eq. (7) [12] and 
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finally, after 700 °C, the mass loss was marginal.  Thus, it can be concluded that the minimum sintering 

temperature should be above 700 °C.      

2 3 2 2 2 3 2 2Al O ·2SiO ·2H O Al O · 2SiO 2H O                                                                                              (7) 

 (Kaolinite)                        (Metakaolinite) 

 

 

Fig. 4.  Particle size distribution of the clay and kaolin 

 

 

Fig. 5.  XRD analysis of the clay material 
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Fig. 6.  XRD analysis of the clay support 

 

 

Fig. 7.  SEM image of raw clay powder at different magnitudes 

 

 

Fig. 8.  Thermogravimetric analysis of the composition 
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3.2. Elaboration of flat supports 

The elaboration of a ceramic microporous support implies the following sequence of operations: (i) 

preparation of a ceramic paste, (ii) shaping by dry compaction, and (iii) consolidation by thermal treatment.  

Sintering is a method for making objects from powder, by heating the material in a sintering furnace below its 

melting point until its particles adhere to each other.  Fig. 9. shows that the diameter of the elaborated flat 

support decreases from 47 mm to 45 mm after sintering at 900 °C; this is due to the shrinkage phenomena 

after sintering.  The change of the coloration is due to the oxidation of the Fe2+ [16].  

 

Fig. 9.  Flat support views (a) after drying at 40 ºC; (b) after sintering at 900 ºC 

 

3.3. Characterization of the supports 

The porosity of the support (Fig. 10) was studied at the range of temperature between 900 °C –1000 °C.  This 

study showed that porosity is function of temperature.  The pore diameter remains constant (4µm) for 

temperature ranging from 900 °C to 930 °C and decreases when temperature increases to 1000 °C.   

The SEM images reporteted on Fig. 11 show the surface of flat support sintered at different temperatures and 

give information on the texture of the surface of the elaborated supports as a function of treatment temperature 

(900, 930, 960, and 1000 °C).  Images show that the effect of sintering is very marked: a progressive reduction 

of porosity can be observed when temperature increases.  At 1000 °C the phenomenon of fusion starts and an 

important decrease of the porous volume are observed  

The flexural strength of the prepared membranes is performed the three bending strength method.  The 

flexural strength of the supports at different sintering temperature is shown in Fig. 12.  As presented in the 

figure, it can be seen that the mechanical strength increases (3.5 MPa at 900 °C) with increasing sintering 

temperature (7.5 MPa at 1000 °C).  

In order to determine its corrosion resistance, the support sintered at 900 °C, was soaked using nitric acid and 

soda solution at 0.1M.  The result reported in Fig. 13 show that clay supports present a good chemical 

resistance in acidic medium and in basic medium.  For 7 days of treatment, the weight loss does not exceed 

0.1 wt % in basic solution.  However, in acidic solution, the weight (wt) loss can reach 2.5 %.  This porous 

support present a good chemical resistance than perlite supports synthesized by Majouli et al. [24], who has 

similar result in acid where the weight loss does not exceed 0.2 wt %.  However, in basic medium, the weight 

loss can reach 6 wt %.   
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.   

                                          (a)                                                                                   (b) 

Fig. 10.  (a) Variation of porous volume vs sintering temperature of support  (b) Variation of diameter vs.  

sintering temperature of support 

 
 

 

 
 

 

 
 

              

Fig. 11.  Images of elaborated flat supports at various sintering temperatures 
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Fig. 12.  Mechanical strength versus firing temperature of the support 

 
Fig. 13.  Weight loss of sample in acidic and basic medium 

3.4. Determination of support water permeability 

Dead–end filtration tests were performed on the laboratory scale filtration pilot (Fig. 3).  The support is 

conditioned by immersion in pure deionized water for a minimum of 24 h before filtration tests.  The support 

with a filtration area of 1.25×10˗3 m2 and 3 mm is placed in the membrane housing and the water is filled in the 

system from the top (feed cell) support was first characterized by their water permeability.  The fluxes are 

measured at different pressure (100 kPa to 400 kPa) that each pressure presents a flux about it we determined 

permeability.  The average support permeability determined using pure deionized water is 2.0×10-4 L/m2 

sec.kpa (Fig. 14).  

 
 

Fig. 14.  Variation of water flux as a function of pressure 
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3.5. Filtration test of effluent 

The variation of permeate fluxes of effluent solution as a function of time at ∆P = 410 kPa is shown in Fig.   

15.  As it can be seen, flux decreases with the time; this can be explained by the fouling phenomenon which 

increases by the use of dead–end filtration.  Permeate was characterized by measuring pH, turbidity and 

conductivity.  The evolution of these parameters with the time can be observed in Fig. 16.  Obtained results 

show that pH value remains constant during all filtration tests.  The effect of support on conductivity is 

negligible because microfiltation process is not efficient to remove the soluble salt from effluent.  The process 

was seen to remove turbidity from the feed completely.  The removal percentage of turbidity is between 97 

and 100%.  Fig. 17  shows a noticeable elimination of suspended matter illustrated by the change in the 

effluent color as well as the turbidity elimination. Thus, the elaborated support allow complete elimination of 

colloidal particales or suspended matter from water but additional treatment, by deposition of oxides materials 

layer, should be carried out to decrease the porosity  and consequently minimize the development of fouling 

phenomenon which occurs mainly in the case of dead–end filtration.   

 

  

Fig. 15.  Permeate flux of effluent as a function of time 

 

 

 

 

 

 

 

     

Fig. 16.  Variation of pH, conductivity and turbidity with the operating time 
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Fig. 17.  A photograph of effluent before and after the support microfiltration treatment 

 

3.6. Preparation and characterization of the Boehmite sol 

Prepared clay support has high pore diameter, therefore it was required to coat with smaller grain size material 

to reduce pore size of the support.  Ultrafiltration layer was prepared by sol-gel process.  This layer was 

preventing the infiltration of support by the sol.  Initially, Boehmite sol was prepared using Aluminium iso-

propoxide (AIP) precursor using water as solvent and nitric acid as catalyst [25].  Here 100 w/w water was 

used on the basis of 1 mol of AIP.  Nitric acid used as peptizing agent.  Hydrolysis was done at reflux 

temperature.  Maintained the reflux for 24 hours.  Transparent reaction mixture, sol was obtained.  A part of 

sol was calcined at 550 °C in a programmable furnace, which results into γ-alumina which was confirmed by 

XRD analysis [26, 27].  Transparent sol was coated on clay support by spin coating method using spin coater 

(Prabodh Nirman, India).  Parameters were fixed to make uniform thin layer, volume of sample 2 ml, spin 

speed 2000 rpm and rotation time 30 sec. [28].  Excess sol was collected from the working chamber.  

Membrane was dried at 30 °C for 24 h followed by sintering at 550 °C in air with the ramping rate 2 °C/min 

and holding time 2 h.  The same procedure was repeated of coating 3 times to get desired pore diameter.  

Finally, ultrafiltration layer with average pore diameters of ~100 nm was obtained.  The axial view of the 

coated clay support shown in Fig. 18.    

  

 

Fig. 18.  SEM images of the clay membrane after coating (axial view of membrane surface) 

 

4.  MEMBRANE SUPPORT COST    

Industrially competitive aspect of membrane technology lies in its cost.  The cost of the membrane per square 

meter is calculated on the basis of prices of the chemicals from corresponding companies (Table 3).  The final 

material and fabrication cost is around $25.5/m2. 
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Table 3 Cost analysis of the fabricated membrane support 

Raw materials  Unit price (Rs/kg) Weight (kg/m
2
) Cost (Rs/m

2
) 

Kaolin 550 1.4 771.0 

Na2CO3 450 0.35 157.7 

Boric Acid 1300 0.18 227.8 

Sodium Meta-silicate 2500 0.18 438.1 

Raw materials cost per unit area of the membrane (Rs/m2 ) 1594.6 

Raw materials cost per unit area of the membrane ($/m2) 23.18 

Total fabrication cost (including pressing and sintering cost) of the membrane ($/m2)  25.5 

3.6 gm of raw materials required for the fabrication of one membrane (diameter = 45 mm and thickness = 

3 mm) 

 

 5. CONCLUSION   

We developed a low cost ceramic support for microfiltration membrane based on natural clay.  The support 

was synthesized by dry compaction of the ceramic mixture and sintering at 900 °C.  The thermal and SEM 

analysis showed remarkable changes at temperatures between 900–1000 °C.  The structural properties of clay 

support were satisfactory in terms of porosity (35%) and pore diameter (4 µm).  The support showed good 

mechanical strength and chemical stability (less than 0.10 % weight loss in base and 2.5 % weight loss in 

acidic medium).  The flux values of DI water obtained from the filtration test helped determining hydraulic 

permeability of the membrane support, 2.0×10ˉ4 L/m2sec.kPa.  Dead–end filtration process was seen to 

remove turbidity from the effluent feed completely; the removal percentage of suspended matter from effluent 

is between 97 and 100 %.  Finally they obtained results supported by the low cost ceramic support show that 

the clay based material is appropriate for the development of supports microfiltration membranes, which could 

find application for economic treatment of industrial wastewater.  These supports were used to deposit layers 

of ultrafiltration.  Due to use of low cost raw materials for preparing the ceramic support, the final cost of the 

membrane was much less than that of the available commercial membranes.  
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